INTRODUCTION {#sec1-1}
============

Shivering after spinal anesthesia is a common complication encountered in more than 56.7% of patients.\[[@ref1]\] This is unpleasant for the patients and may interrupt monitoring of ECG, blood pressure, and pulse oximetry. Also, it may cause more oxygen usage, more CO2 production, and lactic acidosis,\[[@ref2][@ref3][@ref4]\] which is dangerous for patients with limited cardiopulmonary capacity.\[[@ref3]\] Other than these, shivering may cause surgical problems such as clot movement and bleeding. So, control of shiver after spinal anesthesia is important.\[[@ref5]\] The mechanism of shivering after spinal anesthesia is unknown, but there are different theories to explain it.\[[@ref6][@ref7][@ref8]\] After general anesthesia, heat is distributed from the central parts to the peripheral parts. Lack of thermoregulatory mechanism, below the blocked level, causes more loss of heat. This thermoregulatory mechanism causes decrease in vasoconstriction (0.5°C) and increased threshold of sweating. As a treatment of this shiver, intravenous injection of drugs such as meperidine, clonidine, ketanserin, magnesium sulfate, and physostigmine is suggested. Meperidine is the only opioid and agonist of μ and K receptors which is suggested to treat and prevent shivering.\[[@ref4][@ref9][@ref10]\] Meperidine (in a dosage of 0.5--1.8 mg/kg) alone is used in spinal anesthesia.\[[@ref8][@ref9]\] In this dosage, complications like nausea, vomiting, itching, decrease of blood pressure, bronchospasm, bradycardia, and respiratory depression are reported,\[[@ref11][@ref12][@ref13][@ref14]\] corresponding to the dosage.\[[@ref15]\] Anti-shiver effect of meperidine may be because of systemic absorption. Intravenous meperidine is more effective in comparison to other μ agonists like fentanyl, alfentanil, sufentanil, and morphine in the same dosage.\[[@ref9][@ref16][@ref17]\] There are evidences indicating that the anti-shivering effect of meperidine is primarily due to the other receptors,\[[@ref16][@ref17]\] and it seems that the most active receptor is the k receptor which is activated by meperidine. So, many researchers believe that the anti-shivering effect of meperidine is mediated by the agonist activation of k receptors.\[[@ref16][@ref18][@ref19]\] But there is not enough evidence about the prophylactic effect of different dosages of meperidine on shivering. So, we performed this study to compare the efficacy of different dosages of meperidine (0.1 mg/kg, 0.2 mg/kg, and 0.3 mg/kg) on the incidence and severity of shivering during and after spinal anesthesia in lower extremity orthopedic surgeries.

MATERIALS AND METHODS {#sec1-2}
=====================

After obtaining institutional approval from the Ethic Committee of the university and taking written informed consent from the patients, this randomized double-blinded clinical trial was performed in 2012 in Kashani Medical Center. The statistical community consisted of patients who were candidates for lower limb orthopedic surgery with spinal anesthesia in this hospital in the year 2012. The inclusion criteria were: patients of age 18--65 years with ASA I and II and willingness of the patients who were candidates for lower limb orthopedic surgery to participate in the study. The exclusion criteria were: lack of patient\'s cooperation for spinal anesthesia, bleeding during surgery if transfusion was needed, and any kind of change in anesthesia method. Randomization was performed by using random allocation software. The drugs of study were prepared by a physician who was not informed about the group allocation, and data collection was performed by another physician who was not aware of the study drugs. To increase reliability, we enrolled 30 patients in each group. In these groups with level of assurance 95% and poverty of test 80%, the prevalence of shivering during surgery was 56.7%.\[[@ref1]\] After getting permission from the research committee of the university and acceptance of the patients, the patients were divided into four groups randomly. In the first group, spinal anesthesia was administered with 3 ml marcaine 0.5% and 0.1 mg/kg meperidine. The second and third group of patients were injected with 3 ml marcaine 0.5% added to 0.2 mg/kg and 0.3 mg/kg meperidine, respectively, and in the fourth group, normal saline and 3 ml marcaine 0.5% were injected in the same volume. Drugs were prepared in the same volume and syringes by the anesthesiologist. After the patients entered the operation room, monitoring of ECG, noninvasive blood pressure, heart rate, and pulse oximetry was done. Before administering anesthesia, 15 ml/kg Ringer\'s lactate was injected to all patients. All the liquids were warmed up to 37°C. In all groups, spinal anesthesia was administered in a sitting position at L3-L4 joint space with 25 G needle in the midline. After anesthesia, the maximum level of block was measured every minute for 10 min by pinprick sense evaluation. Room temperature was kept between 21 and 23°C. To evaluate the severity of shivering, we used Crossley and Mahajan score and measured it every 15 min until the end of surgery. The scoring was as follows: 0: without shivering; 1: piloerection or peripheral vasoconstriction without visible shivering; 2: muscular activation only in one group of muscles; 3: muscular activation in more than one group of muscles without generalized shivering; 4: generalized shivering. Mean arterial blood pressure, heart rate, and SPO2 were measured and recorded every 15 minutes during surgery. Central temperature was measured by tympanic thermoscan every 15 min from the beginning of spinal block till the end of the surgery and recorded. Peripheral temperature of the patients was measured by axillary thermoscan every 15 min from the beginning of spinal anesthesia and recorded. Drug reactions such as urinary retention, itching, and respiratory depression were also measured in the four groups. Hypotension was defined as systolic blood pressure lower than 20% of baseline. Bradycardia was defined as pulse rate lower than 20% of baseline during surgery. If there was decrease of blood pressure, 5-10 ml ephedrine was injected intravenously. When there was decrease in heart rate, 0.5 mg atropine was injected intravenously. For pain reduction during surgery, 25-50 μg fentanyl was injected if the Visual Analog Scale (VAS) was over 4 cm. In the recovery room, severity of shivering was recorded every 15 min until the patient was shifted from there. When shivering reached above level 2, at any time, 25 mg meperidine was injected intravenously. If the patient had nausea and vomiting, 0.1 mg/kg metoclopramide was injected intravenously. Duration of stay at the recovery room was noted as return of sensory block to two segments and recorded. Data were entered and analyzed by SPSS 20 software, and *t*-test, q-square, one-way analysis of variance, variance analysis with repeated measure, and Mann-Whitney test were used for analysis.

RESULTS {#sec1-3}
=======

In this study, 120 patients who were candidates for orthopedic surgery on the lower limbs participated and were randomly divided into four groups. [Table 1](#T1){ref-type="table"} shows their demographic features. Q-square and Fisher tests and one-way analysis of variance showed no significant differences between these groups (*P* \> 0.5).

###### 

Demographic variables of the patients in the four groups
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[Table 2](#T2){ref-type="table"} shows the hemodynamic parameters in the four groups. The tests used showed no significant difference at different time periods in the four groups (*P* \> 0.05). Also, repeated measures variance analysis of hemodynamic data showed no significant difference from the time before anesthesia till 90 min in the four groups (*P* \> 0.05). The prevalence of pressure loss in the four groups was: 7 (23.3%), 8 (26.7%), 7 (23.3%), and 7 (23.3%). q-square test did not show significant differences between the groups (*P* = 0.99).

###### 

Mean and standard deviation of hemodynamic indices from 0 to 90 min in the four groups
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In [Table 3](#T3){ref-type="table"}, the prevalence of shivering during the study in the four groups is shown. Data show that in the fourth group, 23 patients (76.7%) had shiver, while the prevalence of shiver in three first groups was 15 patients (50%), 11 patients (36.7%), and 3 patients (10%), respectively. Q-square test showed significant difference between the groups (*P* \< 0.001). Mann-Whitney test showed significant difference between the fourth and third groups (*P* \< 0.001). But there was no significant difference between the first and fourth groups (*P* = 0.08). On the other hand, the tests showed significant difference between the second and third groups in the severity of shivering (*P* = 0.014). Also, the difference between the first and third groups was significant (*P* \< 0.001). But there was no significant difference in the severity of shivering between the first and second groups (*P* = 0.13). [Table 3](#T3){ref-type="table"} shows the prevalence of severity of shivering in the four groups. Wilkinson test showed significant difference between the four groups. Also, the maximum block sensory level is shown in this table. Fisher test showed that the differences between the groups were not significant (*P* = 0.15). The average time of stay at the recovery room in the four groups were 30.5 ± 8.7, 28.5 ± 7.3, 29.7 ± 6.7, and 28.8 ± 5.4, respectively. One-way variance analysis showed the differences between the four groups were not significant (*P* = 0.7).

###### 

Frequency distribution of shivering incidence and intensity in the four groups
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The average dosages of metoclopramide, meperidine, and ephedrine used are shown in [Table 4](#T4){ref-type="table"}. One-way variance analysis showed the average dosages of meperidine and metoclopramide used in the four groups had significant difference, but the average dosage of ephedrine used was almost the same. Atropine was used in a dosage of 0.5 mg [Table 4](#T4){ref-type="table"}, but Fisher test showed no significant difference in the groups using this drug.

###### 

Mean and standard deviation of meperidine, metoclopramide, and ephedrine dosages used in the four groups
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DISCUSSION {#sec1-4}
==========

Meperidine is the only opioid drug and agonist of μ and K receptors that is suggested to treat and prevent shivering. IV meperidine is much more effective in treating shivering than equianalgesic doses of other opioid agonists such as fentanyl, alfentanil, sufentanil, or morphine. The efficacy of meperidine in shivering is largely preserved during the administration of a standard dose of naloxone (0.5 μg/kg/min), but is virtually obliterated by a 10-fold increase in the dose (5.0 μg/kg/min).\[[@ref20]\] There are evidences of anti-shivering effect of meperidine which is catalyzed by other receptors, and it seems that the most active receptor is the k receptor which is activated by meperidine. So, many researchers believe that the anti-shivering effect of meperidine is mediated by the agonist activation of k receptors. Also, meperidine decreases the shivering threshold almost twice as much as the vasconstriction threshold, and this reduction in the shivering threshold appears to underlie the anti-shivering effect of meperidine. But there is not enough evidence about the prophylactic effect of different dosages of meperidine on shivering. The goal of this study was to compare the effects of different dosages of intrathecal meperidine on shivering during and after surgery with a control group.

The obtained data show that all the four groups were almost matched with respect to the demographic variables such as sex, age, weight, duration of surgery, and ASA. The results of our study showed no hemodynamic changes in the four groups during surgery. So, meperidine can be considered a safe drug in lower limb orthopedic surgery. Data show that the prevalence of shivering in the fourth group was 76.7%, while that in the first three groups was 50%, 36.7%, and 10%, respectively. So, the prevalence of shivering in the fourth group was significantly higher. On the other hand, data showed that the dosage of meperidine is also important in controlling shivering. The prevalence of shivering showed significant difference between the fourth group and the second and third groups, whereas the first and fourth groups had no significant difference. Also, the prevalence of shivering had no significant difference between the first and second groups. These results agree to those of Chen *et al*.\'s study. Chen *et al*. mentioned that low dosage of intrathecal meperidine, at all instances except midwifery, can cause decrease in outbreak of shiver.\[[@ref1]\] Roy *et al*.\'s study also showed that 0.2 mg/kg of intrathecal meperidine can cause less shivering during cesarean section.\[[@ref21]\] In Davoudi *et al*.\'s study, the efficiency and assurance of low dosage of intrathecal meperidine during spinal anesthesia is shown.\[[@ref22]\] Anaraki and Mirzaei\'s study showed that high dose of intrathecal meperidine (0.4 mg/kg) is effective in reducing the incidence and intensity of shivering associated with spinal anesthesia for cesarean delivery, but the high incidence of nausea and vomiting is unpleasant for the patient.\[[@ref23]\] Chun *et al*. also showed the addition of meperidine 0.2 mg/kg to intrathecal bupivacaine lowers the incidence and severity of shivering during transurethral prostatectomy in elderly patients.\[[@ref24]\] Based on these results, intrathecal meperidine in a dosage of 0.3 mg/kg is also effective in controlling post-surgical complications such as nausea and vomiting. The average dosage of metoclopramide used in the third group was 5.42 ± 1.44 mg, but in the other three groups it was 10 mg. The dosage of other drugs which were used, such as ephedrine and atropine, had no significant difference in the four groups. The study had some limitations. Cases of this study were just the patients undergoing spinal anesthesia, and also, they were only the candidates for lower limb orthopedic surgery, which implies the need for further studies on patients undergoing general anesthesia, or performing similar studies on patients undergoing other surgical procedures.

CONCLUSION {#sec1-5}
==========

Using higher dosage of intrathecal meperidine (0.3 mg/kg) was more effective than using lower dosage of meperidine (0.1 mg/kg and 0.2 mg/kg) in reducing the incidence and severity of shivering during spinal anesthesia in lower extremity orthopedic surgeries. There was no significant hemodynamic change on using higher dosage of intrathecal meperidine.
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